Objective: This study was done to determine the effect of pluchea leaves and green tea mixtures at various proportions to antioxidant and antidiabetic properties.
INTRODUCTION
Pluchea leaves (Pluchea indica Less) and green tea (Camellia sinensis (L) O. Kuntze) are two commodities that are potentially as antioxidant and anti-diabetic sources. These are related to phytochemical contents of these plants.
Pluchea indica Less are a herb plant from Asteraceae family that are potentially as antioxidant, especially DPPH free radical scavenging activity, iron reducing power, reactive oxygen species scavenging activity, and β-carotene linoleic acid system inhibition activity [1] [2] [3] , anti-warmed over flavor [4] , anti-inflammatory [5] , and anti-diabetic [6] . Pluchea leaves contain the phytochemical compounds, such as flavonoids, sterols, saponins, tannins, alkaloids, and cardiac glycosides [1, 2, 6, 7] .
Green tea contains a major active group of tea leaves' components (up to 30% of the dry weight of the water-extractable material) [8] [9] [10] . They are comprised on epigallocatechin gallate (23.4-112.4 lg/ml) as the major component, followed by epigallocatechin (18.4-78.9 lg/ml), epicatechin gallate (5.6-29.6 lg/ml), epicatechin (4.6-14.5 lg/ml) and catechin (3.2-8.2 lg/ml) [11] . The catechins effectively scavenge oxy-radicals involved in the pathogenesis of many chronic diseases, including cardiovascular diseases, cancer, neurodegenerative diseases, and ageing [12] , antioxidant and prebiotic activities [13] , anticancer [8] , antidiabetic [14] , antiinflammatory and analgesic effect [15] .
Pluchea leaves and green tea usually are used as a health beverage. Many people generally utilize this commodity as herbal tea that is packed in tea bag packaging. The potency of each commodity as antioxidant and anti-diabetic has been determined [4, 5, 13, 14] . Therefore it is necessary to know the potency of pluchea leaves and green tea mixtures as antioxidant and antidiabetic activities. The pluchea leaves and green tea mixtures can allow the interaction among bioactive compounds that can give synergism or antagonism effects of antioxidant and antidiabetic activities. Until now this interaction is not fully understood. Therefore it is necessary to investigate the effect of a mixture of them at various proportions to antioxidant and antidiabetic activities. This study was done to determine the effect of pluchea leaves and green tea mixtures at various proportions to antioxidant and antidiabetic properties.
MATERIALS AND METHODS

Chemicals and reagents
Pluchea leaves were harvested and collected from a pluchea garden in Manggrove areas, Wonorejo, Rungkut, Surabaya, East Java, a city in the middle of Indonesia in Java Island. The plant was authenticated in the Herbarium of Biology and Food Industry Microbiology Laboratory at the department of Food Technology, Agricultural Technology Faculty, the Widya Mandala Catholic University of Surabaya with voucher specimen no FTP-UKWMS-0001 for future reference.
Dried green tea was purchased by PT. Rolas Nusantara Mandiri Surabaya, East Java, Indonesia. Methanol, ferric (II) chloride, potasium ferricyanide, sodium carbonate, ethanol, petroleum ether, copper sulphate, Folin ciocalteus's phenol, aluminium chloride, sodium nitrite, sodium hydroxide, amyl alcohol, chloroform, ammonium hydroxide, sulphuric acid, mercury chloride, potassium iodide, iodine, magnesium, acetic acid, chloride acid, ether, chloroacetic acid, sodium dihydrogen phosphate, disodium hydrogen phosphate, sodium acetate, and starch were purchased from Merck Company (Darmstadt, Germany). Potassium sodium tartrate tetrahydrate, 1,1-diphenyl-2-picrylhydrazyl free radical (DPPH), alpha amylase enzyme and yeast alpha glycosidase enzyme, gallic acid, (+)-catechin and p-nitrophenil-α-D-glucopyranoside were purchased from Sigma-Aldrich Company Ltd. (Gillingham, UK). Commercial mineral water with pH 7.65 was purchased from PT Erindo Mandiri (Surabaya, East Java, Indonesia) and aqua dest was bought from PT. Megah Sejahtera Scientific (Surabaya, East Java, Indonesia).
Sampling
Pluchea indica less leaves were harvested from 1-6 age level [16] . The leaves were dried at room temperature and ground to a fine powder (45 mesh). The moisture content was around 15.06-16.72 % db. And then dried leaves powder was mixed before extraction.
Extraction
Pluchea leaves powder was mixed with green tea powder at 100:0; 75:25; 50:50; 25:75; and 0:100 % (w/w) proportions, respectively. And then samples were extracted by Deetae et al. [16] method with slight modification. Pluchea leaves were sorted from 1-6 segment level, and then they were washed and dried at ambient temperature for 7 d. After dried pluchea leaves were done crushing to get 45 mesh particle size. Pluchea leaves powder was homogenised before they were mixed by the similar particle size of green tea powder.
Phytochemical composition
The mixed samples (2g) in tea bag were macerated with 100 ml commercial mineral water at 95 °C temperature for 5 minutes with constant stirring. The residue of samples in tea bag was separated from the filtrate. And then the filtrate was analyzed further. Each analysis of water extract was always fresh condition.
Phytochemical compounds content in samples were detected by Harborne method [17] . The compounds identified included alkaloids, flavonoids, phenolics, triterpenoids, sterols, saponins, tannins, and cardiac glycosides (fehling test).
Total phenol content analysis
Total phenol content (TPC) in samples was analyzed with folin ciocalteu's phenol reagent. The redox reaction between antioxidant compounds having an aromatic ring and phosphomolybdate compound in folin ciocalteu's phenol reagent is the principle of this analysis. The formation of the blue colour solution was determined by UV-Vis spectrophotometer (Shimadzu spectrophotometer UV-Vis 1700) at λ 760 nm, the result was stated as mg gallic acid equivalent/l samples (mg GAE/l samples) [19] .
Total flavonoid content analysis
Total flavonoid content (TFC) was analyzed based on Al-Temimi and Choundary [19] method. This principle analysis is based on a stable acid complex compound formation of reaction between AlCl3 and Oxo group at C4 ring and a hydroxyl group at C3 or C5 DPPH free radical scavenging activity analysis ring of flavones and flavonol. This reaction produced solution coloured yellow and NaOH solution addition resulted in quinoid compound colored red that measured by UV-Vis spectrophotometer (Shimadzu spectrophotometer UV-Vis 1700) at λ 510 nm, the result was stated by mg catechin equivalent/l samples (mg CE/l samples).
DPPH free radical scavenging activity analysis was measured by Brand William et al. [20] . The principal analysis is electron or hydrogen donating of antioxidant compounds to DPPH free radical colored purple to form DPPH-H non-radical colored yellow that was measured by UVVis spectrophotometer (Shimadzu spectrophotometer UV-Vis 1700) at λ 517 nm with a gallic acid compound as standard.
Iron reducing power analysis
Iron reducing power analysis was determined by Chanda and Dave [21] method that was used to measure the antioxidant capacity to reduce Fe 3+ to Fe 2+ α-Amylase inhibition assay . The complex compound from ferri ferrocyanide coloured Berlin blue was determined by UV-Vis spectrophotometer (Shimadzu spectrophotometer UV-Vis 1700) at λ 700 nm with a gallic acid compound as standard [20] .
The α-amylase inhibition was determined by an assay described from Bernfeld [22] with slight modification. The 500 μL of water extract was incubated with 500 μL of a α-amylase solution (enzyme solution (12.5 units/ml) was obtained by dissolving 0.1 g of α-amylase in 100 ml of 0.2 M sodium acetate buffer pH 5 at ambient temperature (32 °C) for about 10 min. After incubation, 500 μL of 1 % starch solution (dissolving 1 g of amylum starch in 100 ml of distilled water with boiling and stirring for 15 min) was added and incubated at ambient temperature (32 °C) for about 10 min. To the above, 2 ml of NaOH 1 M was added to stop the reaction and was incubated in a water bath (37 °C) for 10 min. After 10 min, reaction mixture color changed to orange-red and was removed from the water bath and cooled to ambient temperature. Absorbance was measured at 540 nm in Shimadzu spectrophotometer UV-Vis 1700. Extracts of pluchea leaves and green tea mixtures at different proportions (100:0; 75:25; 50:50; 25:75; and 0:100 mg/ml, respectively) were performed in five repetitions. Individual blank was performed by replacing enzyme with buffer. Control was performed by replacing extract with solvent. The inhibition percentage of α-amylase was assessed by the following formula:
Where, Ac (0) that absorbance of 100% enzyme activity (only solvent with enzyme), Ac (t) that absorbance of 0% enzyme activity (only solvent without enzyme), As that absorbance of test sample with an enzyme, Ab that absorbance of test sample without enzyme.
α-Glucosidase inhibition assay
The inhibition of yeast α-glucosidase was determined by using the method described by Da Silva Pinto et al. [23] with slight modification). Briefly, 0.0019 mg yeast α-glucosidase (0.0833 unit/ml) was dissolved in 100 ml of 0.2 M phosphate buffer (pH 7). The substrate solution, 2 mmol p-nitrophenyl-α-D-glucopyranoside, was prepared in the same buffer. The water extract of pluchea leaves and green tea at various proportions (50 μl), 50 μl of enzyme solution, 50 μl of substrate solution, and 100 μl buffer phosphate solution (pH 7) were mixed well and incubated at 37 °C for 15 min. After incubation, the solution was added by 1000 μl of 0.2 M Na2CO3
solution to stop the reaction. Absorbance was measured at 410 nm in Shimadzu spectrophotometer UV-Vis 1700. Extracts of pluchea leaves and green tea mixtures at different proportions (100:0; 75:25; 50:50; 25:75; 0:100 mg/ml) were performed in five repetitions. Individual blank was performed by replacing enzyme with buffer. Control was performed by replacing extract with solvent. The inhibition percentage of α-amylase was assessed by the following formula:
Where, Ac (0) that absorbance of 100% enzyme activity (only solvent with enzyme), Ac (t) that absorbance of 0% enzyme activity (only solvent without enzyme), As that absorbance of the test sample with an enzyme, Ab that absorbance of test sample without enzyme.
RESULTS AND DISCUSSION
Phytochemical analysis
Phytochemicals are primary and secondary natural constituents occurring in the medical plants, leaves, vegetables and roots that have defence mechanism and protect from various diseases [25] . The qualitative analysis of the water extract from pluchea leaves and green tea mixtures at various concentrations confirmed the presence of alkaloids, flavonoids, phenols, saponins, tannins, triterpenoids, and cardiac glycosides (table 1). Data showed that pluchea leaves were very rich in alkaloids, flavonoids, phenolics, saponins, tannins, triterpenoids, and cardiac glycosides compared with green tea. The increasing of green tea proportion in samples decreased the phytochemical quality. Keerthana et al. [25] said that the phytochemical constituents can be used to treat diabetes if they have good antioxidant and antidiabetic properties. Dastjerdi et al. [26] and Nanumala et al. [27] said that the capacity to inhibit alpha amylase and alpha glycosidase enzymes are a result of the existence of various phytochemicals like flavonoids, tannins, saponins, anthraquinones, sterols, phlobatannins, terpenoids and polyphenols.
Total phenol content
Total phenol content (TPC) in the water extract from pluchea leaves and green tea mixtures at various proportions was showed in fig. 1 . Generally, the TPC of pluchea leaves water extract was significantly (p<0.05) higher compared to the TPC of green tea water extract. This condition was similar to observation of the phytochemical assay, however, there were different phenomena that were observed of samples at 75:25, 50:50, and 25:75 proportions, respectively. These differences may be indicated by the differences in solved phenolic compounds and interaction between phenolic compounds from pluchea leaves and green tea mixtures. These phenomena determined structure of phenolic compounds, such as free or bound phenolics. Many studies have informed that phenolic compounds of fruits and vegetables are usually in free structure higher than in bound structure [29, 30] . There was a free form of phenolics of pluchea leaves and green tea in aqueous media showed that there was hydroxyl group free. The functional group can interact to form bound phenolics or hydrogen bound so that interferes with the reaction among hydroxyl group of phenolic compounds, tungsten and molybdenum ions of Folin Ciocalteu's reagent.
The effectiveness of TPC assay is depended on the number and position of hydrogen-donating hydroxyl groups on the aromatic ring of the phenolic compounds [31] .
Green tea comprises phenolic compounds, especially catechin [8] [9] [10] [11] , however, pluchea leaves contain phenolic acids i.e. chlorogenic acid and caffeic acid [4] and flavonoid compounds i.e. kaempherol, myricetin, and quercetin [32] . Natural properties of phenolic compounds have biological and pharmacological properties, such as antioxidant, anticancer, anti-aging, and anti-inflammatory activities [33, 34] . Phenolic compounds have been used as antioxidants and mainly inhibit free radicals and block their chain reactions [32] [33] [34] . 
Total flavonoid content
Total flavonoid content (TFC) was determined by aluminum chloride method that was based on the formation of a complex between the aluminum ion, Al (III), and the carbonyl and hydroxyl groups of flavones and flavonols that produce a yellow color [38] . In this study, the flavonoid compounds measured are flavones and flavonols groups, the TFC was ranged from 95.73 to 413.73 mg of quercetin equivalent L-1 of samples ( fig. 2) . The results showed that pluchea leaves contained higher TFC than green tea leaves. The pluchea leaves and green tea mixtures at 50:50 % (w/w) proportions had the highest TFC compared with the other proportions. The TFC of samples had a similar pattern to the TPC, because the flavonoid compounds are the major component of phenolic compounds [33] . The existence of a functional group from the carbonyl and hydroxyl groups of flavones and flavonols in pluchea leaves and green tea in samples can cause synergism effect so that the formation of a complex with aluminium ion increased in samples at 75:25; 50:50; 25:75 proportions, respectively. The flavonoid compounds can act as free radical scavenging, inhibition of hydrolytic and oxidative enzymes and anti-inflammatory action [39, 40] . Andarwulan et al. [31] informed that the flavonols contained in pluchea leaves are kaempherol, myricetin, and quercetin. Peres et al. [11] said that flavanols are the major flavonoid compounds in green tea so that they aren't detected by aluminium chloride method.
DPPH free radical scavenging activity
The method is based on the reduction of the methanolic-DPPH solution because of the presence of antioxidant substances having hydrogen donating groups (RH) such as phenolics and flavonoids compounds due to the formation of non radical DPPH-H form [12, 41] . The total antioxidant activities (TAA) determined by DPPH of water extract of pluchea leaves and green tea mixtures at various proportions were expressed as mg of quercetin equivalent L of samples ( fig. 3 ). Total antioxidant activity (DPPH) was highest in 50:50 proportions, followed by 75:25 proportions, followed by 25:75 proportions, followed by 100:0 proportions, and then 0:100 proportions of pluchea leaves and green tea mixtures. There was trended that hydroxyl groups among phenolic compounds in pluchea leaves and green tea were antagonism effect so that the TAA of them was lower than the TAA sum of pluchea leaves and green tea. The graph pattern of this TAA was similar to the graph pattern of the TPC. The TAA of pluchea leaves was higher than it of green tea. The differences of TAA among all proportions of pluchea leaves and green tea mixtures were statistically significant. There were significant differences between total antioxidant activities of all proportions of pluchea leaves and green tea mixtures depending on TPC of an extract of samples. Widyawati et al. [2] said that the different antiradical activity of the extract was depended on the polarity of solvent and solute. These determined the intrinsic compounds to be extracted. The different structure of phytochemical constituents determines scavenging activity. Rohman et al. [40] informed that the phytochemicals responsible for the scavenging activity in this species are phenolic and flavonoid constituents. Har and Ismail [41] also explained that phenolic acid and flavonoids are known to be contributing to the antioxidant activity. Chlopicka et al. [42] said that among polyphenols the greatest antioxidant efficacies in pseudocereal breads are showed for quercetin, tannic acid, caffeic acid and gallic acid, while catechin and resveratrol have the lowest ones. Widyawati et al. [2] showed that aqueous extract of pluchea leaves is potential to scavenge free radical. Ruskin et al. [43] added that there is a positive correlation between phenolic content and free radical scavenging activity. The high phenolic content of Chukrasia tabularis (17.2 mg GAE/g) shows the linear correlation between phenolic content and antioxidant activity. The general assessment of the analytical results for the plant extracts definitely shows the individual specificity of each sample and a rich diverse spectrum of phenolic compounds differing from flavonoid group.
Iron ion reducing power
The total antioxidant activities (TAA) determined by reducing power (RP) of aqueous extract of pluchea leaves and green tea mixtures at various proportions were expressed as mg of gallic acid equivalent per L of samples ( fig. 4) . Among samples evaluated, the 50:50 proportions of pluchea leaves and green tea mixtures had the highest reducing power, this graph pattern of the RP was similar to the graph pattern of DPPH free radical scavenging activity. There was trended that the RP had the same graph pattern as it of TFC. This estimated that the hydroxyl group of flavonoid compounds between pluchea leaves and green tea mixtures was interacted to give the sinergism effect of RP. The differences of TAA among all proportions of pluchea leaves and green tea mixtures were statistically significant. There were significant differences between TAA of all proportions of pluchea leaves and green tea mixtures depending on TFC of an extract of samples. Rohman et al. [40] said that TAA of extracts and fractions of red fruit (Pandanus conoideus Lam) determines the total phenolics content and total flavonoid content. He also suggested that phenolics compounds more likely contribute to its reducing activity (RP) than flavonoid compounds. On the contrary, the opposite results were found in this research that the RP was more likely contributed by flavonoid compounds than it of phenolic compounds. Gholivand and Piryaei [44] studies that the electron donation capacity reflects the reducing power of bioactive compounds which is related to antioxidant activity.
Antioxidants can be explained as reducers, and inactivation of oxidants by reducers can be described as redox reaction in which one reaction species is reduced at the expense of the oxidation of the other. Fe 3+ α-Amylase inhibitory activity reduction is often used as an indicator of electron donating activity, which is an important mechanism of the phenolic antioxidant action.
The ability of aqueous extract from pluchea leaves and green tea mixtures at various proportions in inhibiting the α-amylase is presented in fig. 5 . The α-amylase inhibition activity in this study was ranged from 26.15±1.52 to 56.06±3.91%. The 0:100 proportions had the highest inhibitory α-amylase activity compared to the other proportions. The inhibition activity of the green tea extract showed the significantly higher (p<0.05) than it of pluchea leaves extract. In this study, there was no significant correlation found between the TAA (DPPH radical and RP assay) with the α-amylase inhibition activity of pluchea leaves and green tea mixtures at various proportions. This showed that the graph pattern of the TAA and the α-amylase inhibition activity wasn't similar. The same study also is done by Lim and Loh [45] . However, McCue et al. [46] suggested that the antioxidant activity of phenolic from clonal oregano extracts is affected the five sets of disulphide bridges located on the outer surface of α-amylase. The reduction of these cysteine residues causes inhibition by modifying in the structure of the enzyme. Thus, the α-amylase inhibition activity of the pluchea leaves and green tea mixtures at various proportions may perhaps not due to the TAA but it also involves other mechanisms that worth to be disclosed. This argument was supported by Lim and Loh [45] . Akah et al. [47] informed that the phytochemical compounds, such as terpenoids, saponins, flavonoids, glycosides and carbohydrate have similarly been implicated in the anti-diabetic activities of the plant. Therefore the alpha amylase inhibition activity of aqueous extract from pluchea leaves and green tea mixtures at various proportions may be contributed by phytochemical compounds (table 1) .
α-Glucosidase inhibitory activity
The α-glucosidase inhibitory activity of the extracts is summarised in fig. 6 . Data showed that the 50:50 proportions of pluchea leaves and green tea mixtures had the highest inhibitory α-amylase activity compared to the other proportions. The green tea extract had the higher alpha glycosidase inhibitory activity than it of pluchea leaves extract. However, the TPC and TFC of green tea extract were lower than them of pluchea leaves extract. This phenomenon indicated that the alpha glycosidase inhibitory activity was no be caused by phenolic compounds activity but it was contributed the other phytochemicals. Lim and Loh [45] reported that the α-glucosidase inhibition activity of bound phenolic extract has higher than free soluble phenolic extract because the bound phenolic mostly exists in a β-glycosides form that prefers aqueous phase than the free phenolic which is in the form of aglycones, a non-sugar group. Thus, direct enzyme-inhibitor interaction is predicted to be higher in bound phenolic extracts in the α-glucosidase assay. McCue et al. [48] reported that the mechanisms of inhibition for α-glucosidase may different from α-amylase. There is none disulphide bridges especially not on the surface of the molecule (possible site for interaction with antioxidants) on the structure of Baker's yeast α-glucosidase. This indicated that the α-glucosidase inhibition activity of phenolic extracts doesn't involve the interaction of the antioxidant capacity with the disulphide bridges. Therefore, the inhibition is caused by the phenolic extracts through another mechanism. There was a correlation among the TPC, TFC and alpha glycosidase inhibitory activity. Oboh et al. [49] said that the higher inhibitory activities also are contributed by the presence of some non-phenolic phytochemicals that probably act as enzyme inhibitors, exhibiting an additive or synergism effect with the phenolics present in the sample. 
CONCLUSION
The antioxidant activity and alpha glycosidase inhibitory activity of aqueous extract in pluchea leaves and green tea mixtures at various proportions were correlated with TPC and TFC, but the alpha amylase inhibitory activity wasn't. There was contributed by the other phytochemicals to the alpha amylase inhibitory activity. The inhibition mechanism of alpha amylase and alpha glycosidase was different.
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